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Objectives. The purpose of the present study was to assess
whether brief, repeated coronary artery occlusions during balloon
angioplasty protect against ischemia-induced ventricular ectopy.
Background. Most sudden cardiac deaths are caused by fatal
ventricular arrhythmias precipitated by early myocardial isch-
emia of acute coronary occlusion. In animals, a preceding 3- to
5-min coronary occlusion protects against malignant ventricular
arrhythmias during a subsequent prolonged coronary occlusion.
Whether such an antiarrhythmic effect caused by ischemic pre-
conditioning occurs in humans is not known.
Methods. To assess the effects of a preceding, brief vessel
occlusion–reperfusion cycle on the occurrence of ventricular ec-
topy, continuous electrocardiographic, heart rate and blood pres-
sure recordings were performed in 156 patients before and during
two identical balloon occlusions of a coronary artery (mean 111 s)
separated by a 5-min equilibration period.
Results. The occluded vessel was the left anterior descending
coronary artery in 94 patients, the left circumflex branch in 29
patients and the right coronary artery in 33 patients. Balloon
occlusion of a coronary artery caused ventricular ectopy in 24
patients. The incidence of ventricular ectopy was higher during
the first occlusion than during the second occlusion (21 patients
[13.5%] vs. 11 patients [7%], p 5 0.02). In 13 patients, ventricular
ectopy was observed only during the first occlusion; in 8 patients
during both occlusions; and in 3 patients only during the second
occlusion. Bigeminal or repetitive ectopic beats were observed in
eight patients during the first coronary occlusion and in four
patients during the second occlusion. Atrial premature beats
occurred during the first occlusion in three patients, but in none
of the patients during the second occlusion. The 24 patients with
ventricular ectopy during coronary occlusion had milder stenosis
than the rest of the patients (mean [6SD] 74 6 12% vs. 81 6 12%,
p 5 0.01). The 13 patients with ventricular ectopy only during the
first occlusion did not, however, differ significantly with respect to
any clinical or angiographic features from the rest of the patients
with ventricular ectopy. There were no significant differences in
the signs of myocardial ischemia or hemodynamic variables
between the sequential occlusions.
Conclusions. A preceding, short vessel occlusion–reperfusion
cycle seems to increase the electrical stability of ischemic myocar-
dium.
(J Am Coll Cardiol 1997;29:1035–8)
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Most sudden cardiac deaths are caused by fatal ventricular
arrhythmias precipitated by myocardial ischemia of acute
coronary occlusion, and a smaller number are associated with
arrhythmias arising from chronically infarcted myocardium (1).
Acute coronary occlusion does not, however, invariably lead to
sudden death, but may cause acute myocardial infarction or
exacerbation of angina or even be totally silent. The back-
ground of the wide spectrum of clinical consequences is poorly
understood.
Preceding, brief periods of myocardial ischemia seem to
delay the lethal cell injury during subsequent coronary occlu-
sion in numerous animal species (2,3). Experimental studies
have suggested that this phenomenon of ischemic precondi-
tioning may also increase the ventricular fibrillation threshold
(4) and reduce the incidence of ischemic and reperfusion
arrhythmias (5–8). Preconditioning may also reduce the inho-
mogeneity in ventricular repolarization and modify the ion
channels (9). Despite these potential antiarrhythmic effects,
evidence of the beneficial effects of ischemic preconditioning
on clinical arrhythmias is lacking.
This study was designed to test the hypothesis that there
exist preconditioning or adaptation phenomena for the occur-
rence of ventricular ectopy in humans by taking electrocardio-
graphic (ECG) and blood pressure recordings during repeated,
short coronary artery occlusions in patients undergoing clini-
cally indicated coronary angioplasty.
Methods
Patients. The study group consisted of 156 patients under-
going elective coronary angioplasty for chronic angina and
fulfilling the following criteria: 1) single-vessel coronary angio-
plasty; 2) stenosis in the proximal or mid portion of the vessel
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causing .50% reduction in the arterial diameter; 3) docu-
mented myocardial ischemia; 4) no ectopic beats in the 5-min
baseline period before balloon occlusion of an artery; 5) no
antiarrhythmic agents other than beta-adrenergic blocking
agents at the time of angioplasty; and 6) no acute procedural
complications. Clinical data on the study group are given in
Table 1.
Study protocol. The study design was approved by the
Ethical Committee of the institution, and all patients gave
verbal informed consent. All balloon occlusions were carried
out with a previously described standardized protocol (10,11).
Diazepam, 5 to 10 mg, was given as a tranquilizer before the
procedure. Atropine was not given to any of the patients. In
cases of tight coronary artery stenosis, the deflated balloon
may compromize blood flow, so that the observations made
during the first inflation may be inconsistent and unreliable
(12). Thus, an initial short (#20 s) balloon dilation was
performed, and after normal coronary flow was ascertained
with a contrast medium injection followed by a 5-min recovery
time, two successive balloon inflations with a similar inflation
pressure (4 to 8 bars) and duration were performed at 5-min
intervals. These inflations were designed to last up to 120 s, but
the occlusion was relieved earlier if it caused intolerable chest
pain, hemodynamic instability or multiform, bigeminal or
repetitive ventricular premature beats. The intensity of chest
pain during the balloon inflation was assessed by Borg’s
numeric scale (13).
Coronary anatomy. In coronary angiography, the view with
the best visualization of the lesion was selected, and the
severity of the coronary artery stenosis was measured using the
stenosis diameter program included in the Philips DCI S
System. The presence of collateral blood flow was graded as
proposed by Cohen and Rentrop (14). The analyses of coro-
nary angiograms were made without knowledge of the occlu-
sion data.
Data acquisition. All data acquisition and analyses were
accomplished with a menu-driven software package (CAFTS,
Medikro OY, Kuopio, Finland). Continuous beat to beat RR
interval, blood pressure and ECG recordings were made in the
baseline period immediately before the occlusion and during
the balloon occlusion (Fig. 1). The precordial lead that pro-
vided the largest R wave deflection was chosen for on-line
monitoring and registration of the ECG. Arterial pressure was
measured on a beat by beat basis from the femoral artery using
a Druck PDCR 75 transducer.
Ventricular ectopy. After visual inspection of RR interval
tachograms, all ECG recordings were scanned manually by an
experienced observer. Ventricular extrasystoles were identified
on the basis of the prematurity and width of the QRS complex.
Heart rate and blood pressure. The RR interval and blood
pressure signals were stored in the memory of an IBM
PC/AT– compatible microcomputer (analog-to-digital con-
verter, 200 Hz, 12 bits). The baseline hemodynamic data were
analyzed from a region of ;60 s just before the occlusion, and
a similar region at the end of the balloon occlusion before the
ectopic beats was selected for analysis of the occlusion data.
Statistical analysis. The McNemar test and Wilcoxon test
(SPSS for Windows, Release 6.0) were used for comparisons of
dichotomous and continuous variables during repeated occlu-
sions.
Results
Study patients. Of the 163 patients enrolled in the study, 7
were excluded because of one or more ventricular premature
beats during the baseline recordings immediately before the
vessel occlusions. The occluded vessel was the left anterior
descending coronary artery in 94 patients, the left circumflex
branch in 29 patients and the right coronary artery in 33
patients.
Ventricular arrhythmias. Balloon occlusion of a coronary
artery caused ventricular ectopy in 24 patients. The incidence
Table 1. Clinical and Angiographic Data for 156 Study Patients
Age (yr) 55 6 9
Female/male 41/115
History of AMI 44 (28%)
Beta-blockers 95 (61%)
Calcium antagonists 65 (42%)





Stenosis severity (%) 80 6 12
Visible collateral channels 36 (23%)
Data presented are mean value 6 SD or number (%) of patients. AMI 5
acute myocardial infarction; LAD 5 left anterior descending coronary artery;
LCx 5 left circumflex artery; RCA 5 right coronary artery.
Figure 1. Computer printout of beat to beat RR intervals and invasive
blood pressure (systolic, mean and diastolic) during the first (upper
panel) and second (lower panel) occlusions of the left anterior
descending coronary artery. The first occlusion was stopped after 60 s
because of bigeminal ventricular ectopy (ascertained by ECG record-
ings), but no ventricular ectopy occurred during the second 2-min
occlusion. Balloon occlusions are shown by the horizontal bars.
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of ventricular ectopy was higher during the first occlusion than
during the second occlusion (21 patients [13.5%] vs. 11 patients
[7%], p 5 0.02). In 13 patients, ventricular ectopy was observed
only during the first occlusion; in 8 patients during both
occlusions; and in 3 patients only during the second occlusion.
Bigeminal or repetitive ectopic beats were observed in eight
patients during the first coronary occlusion and in four patients
during the second occlusion. The first ectopic beat occurred
after a mean of 56 s during the first occlusion and after a mean
of 63 s during the second occlusion in the eight patients with
ventricular ectopy during both occlusions. In one patient,
solitary ventricular premature beats were observed on release
of both occlusions. Atrial premature beats occurred during the
first occlusion in three patients, but in none of the patients
during the second occlusion.
Determinants of ventricular ectopy. The 24 patients with
ventricular ectopy during coronary occlusion had milder ste-
nosis than the rest of the patients (mean [6SD] 74 6 12% vs.
81 6 12%, p 5 0.01). The 13 patients with ventricular ectopy
only during the first occlusion did not, however, differ signifi-
cantly with respect to any clinical or angiographic features
from the rest of the patients with ventricular ectopy.
Signs of ischemia. There were no significant differences in
the signs of myocardial ischemia or hemodynamic variables
between the sequential occlusions (Table 2).
Discussion
To our knowledge, this is the first clinical study to show that
brief periods of myocardial ischemia induced by coronary
occlusion may reduce the occurrence of ventricular ectopic
activity during subsequent similar coronary occlusions. This
finding was in accordance with many experimental studies that
have shown that a preceding 3- to 5-min coronary occlusion
protects against malignant ventricular arrhythmias during a
subsequent prolonged coronary occlusion (5–8), but there are
also experimental studies with no such antiarrhythmic effects
(15,16).
Ischemia-induced arrhythmias. Acute myocardial isch-
emia often results in malignant arrhythmias owing to both the
direct effects of ischemia and the resultant hemodynamic
compromise (11,17,18). The first period of ventricular prema-
ture complexes, which usually heralds malignant ventricular
arrhythmias during acute coronary occlusion, develops after a
quiescent period of 1.5 to 2.5 min and reaches a peak at 5 min
(19,20). Both reentrant and nonreentrant mechanisms contrib-
ute to the development of premature beats and malignant
ventricular arrhythmias during the early phase of myocardial
ischemia (20,21).
Background for improvement of electrical stability. The
present study was not designed to evaluate metabolic or
mechanistic preconditioning during successive brief coronary
occlusions. The severity of chest pain, frequency of ST segment
changes and narrowing of pulse pressure were, however,
comparable during the two occlusions, suggesting that no
significant amelioration of myocardial ischemia and left ven-
tricular dysfunction occurred during the repeated vessel occlu-
sions. This finding is in agreement with most previous studies,
which have not shown convincing evidence for the alleviation
of myocardial ischemia during successive brief occlusions
(22–25), although some of them favor the concept of ischemic
preconditioning (26).
The 2-min occlusion time during the repeated occlusions
may be too short to trigger metabolic and functional precon-
ditioning (27). The mechanism of antiarrhythmic protection by
ischemic preconditioning is still speculative, but experimental
evidence suggests that it differs from that responsible for
protection against myocardial necrosis (8). Because intramural
reentry is a major mechanism of early ischemia-induced ar-
rhythmias (20,21), preconditioning could have favorable effects
on an inhomogeneous reduction of action potential and refrac-
tory period duration or changes in conduction velocity and so
reduce reentrant arrhythmias. Ischemic zone electrolyte
changes, adenosine triphosphate–dependent potassium chan-
nels and recovery of sodium channel excitability may have a
role in these protective effects (15,28). Recently, clinical stud-
ies have shown that a preceding 1- to 2-min coronary occlusion
may reduce inhomogeneity of ventricular repolarization, as
evidenced by a decrease in QT dispersion during a subsequent
similar coronary occlusion (9,29). Other potential mechanisms
include the possibility that the reaction to the repeated isch-
emic stimulus is attenuated by the modulation of the central
nervous system. In this respect, it is interesting that the
incidence of ventricular fibrillation after a coronary occlusion
can be reduced by psychological adaptation or a central
administration of propranolol in experimental models (30).
Similar central adaptation was also noted among civilians
during the Gulf War: a sharp rise in the incidence of sudden
deaths occurred during the first attacks, but the incidence
rapidly reverted to normal during subsequent attacks (31).
Study limitations. Balloon occlusion of a coronary artery is
a widely used model for controlled myocardial ischemia, but it
fails to mimic natural circumstances in many respects. Intra-
coronary thrombosis is the most common cause of coronary
Table 2. Heart rate, Blood Pressure and Signs of Ischemia During
Sequential Balloon Occlusions of a Coronary Artery
First Occlusion Second Occlusion
Occlusion time (s) 111 6 20 112 6 18
Heart rate (beats/min)
Baseline 70 6 13 70 6 11
Occlusion 70 6 11 70 6 11
Systolic BP (mm Hg)
Baseline 149 6 27 151 6 30
Occlusion 152 6 30 153 6 32
Diastolic BP (mm Hg)
Baseline 85 6 15 87 6 15
Occlusion 87 6 15 90 6 17
Chest pain* 2.4 6 2.2 2.5 6 2.3
ST segment deviation 79 (61%) 72 (56%)
*Borg scale (13): severity of pain 1 to 10. Data presented are mean value 6
SD or number (%) of patients. BP 5 blood pressure.
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occlusion, and a recent study suggests that this process itself
exerts arrhythmogenic effects (32). For ethical reasons, the
occlusion time was limited here to a maximum of 2 min, and in
some cases severe chest pain led to even earlier balloon
deflation and thus an underestimation of susceptibility to
ventricular arrhythmias. Coronary occlusion was also discon-
tinued after the appearance of premature beats, and so the risk
of malignant ventricular arrhythmias could not be evaluated.
Despite the short occlusion time, we observed improvement in
electrical stability, and it is possible that this phenomenon may
be even more evident after longer ischemic periods.
Clinical implications. According to the present findings
and earlier experimental research, even a brief occlusion–
reperfusion cycle may lead to alleviation of electrical instability
during subsequent occlusion of a coronary artery. In this
respect, it is interesting that reocclusion of the infarct-related
artery after successful thrombolysis or occluding restenotic
process rarely causes fatal arrhythmias (33). In addition to
brief occlusion–reperfusion cycles, even the flow limitation due
to high degree stenoses may cause adaptation phenomena.
Fujita et al. (34) have shown that even a 4-h coronary stenosis
significantly reduces the incidence and malignancy of ventric-
ular arrhythmias during subsequent occlusion. In agreement
with these findings, we have recently shown that ventricular
ectopy and severe autonomic reactions are rare during occlu-
sions of tight coronary stenoses, but occur often during occlu-
sions of milder stenoses (11,35). Further research is needed to
evaluate the clinical significance of these reactions, however.
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